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(54) Coating of a discrete selective surface of an article 



(57) A method for restoring or enhancing an envi- 
ronmental resistant coating (22) of a coating total thick- 
ness within a coating design thickness range on a metal 
substrate (20) of an article (10) includes the application 
of a restoring or enhancing metal (30) to at least one 
discrete local surface area. Then at least the discrete 
local surface area is coated with an environmental re- 
sistant coating (32). For use of the method to restore a 
coating (22) on an article (10) which has experienced 
service operation and the discrete surface area (28,29) 
includes an undesirable amount of oxidation/ corrosion 
products, the oxidation/corrosion products first are re- 
moved from an outer portion (24) of the coating (22) 
while retaining a coating (22) present at the discrete sur- 
face areas and retaining the entire coating (22) on sur- 
face areas adjacent the discrete surface areas. Then the 
restoration metal (30) is applied. For use of the method 
to enhance an existing coating (22), at least one discrete 
surface area is selected based on an oxidation/corro- 
sion attack pattern (16,18) identified from similar articles 
(10) which experienced service operation in apparatus 
of a design for which the article (10) is intended. Then 
the enhancing metal (30) is applied to the selected area. 
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Description 

[0001] This invention relates to the restoration or en- 
hancement of a protective coating on an article, and, 
more particularly, to the treatment of a local, discrete 
portion of the coating. 

[0002] Certain articles, such as components operat- 
ing in the hotter gas path environment of gas turbine en- 
gines are subjected to significant temperature extremes 
an oxidizing atmosphere and contaminants such as sul- 
fur, sodium, calcium and chlorine which are present in 
the combustion gases. As a result of service operation 
in and exposure to such an environment, surfaces of 
components such as turbine blades and vanes are sub- 
ject to oxidation/corrosion degradation. To protect the 
component substrate from excessive environmental at- 
tack, surfaces of such components normally are treated 
with environmentally resistant coatings widely reported 
in the gas turbine engine art. These environmental coat- 
ings generally are classified as diffusion or overlay coat- 
ings, distinguished by the processing methods or de- 
gree of substrate consumption during deposition. 
[0003] Reported diffused aluminide coatings, relying 
on interdiffusion of the applied Al with the Ni from the 
substrate of a Ni base superalloy to create an interme- 
tallic surface layer, have been applied by a variety of 
methods including pack cementation, above the pack, 
vapor phase, chemical vapor deposition and slurry type 
coating. The thickness and aluminum content of the end 
product coating can be controlled by varying such coat- 
ing parameters and materials as the coating source ma- 
terials, coating time, coating temperature and aluminum 
activity. For example, such control is reported in a vari- 
ety of U.S. Patents including 3,544,348 - Boone et al. 
(patented December 1 , 1 970), and 5,658,61 4 - Basta et 
al. (patented August 19, 1997). The oxidation and cor- 
rosion resistant performance of diffused aluminide coat- 
ings has been shown to be enhanced by incorporating 
Pt, Rh and/or Pd. To incorporate these elements, thin 
layers of such elements generally are deposited by elec- 
troplating or physical vapor deposition means, prior to 
the aluminide coating cycle. 

[0004] One type of overlay coating, applied for oxida- 
tion and corrosion protection of Ni base superalloy arti- 
cles, includes Ni and Al along with one or more other 
elements such as Cr, Ta, Hf, Y and others. These coat- 
ings have been applied by deposition techniques includ- 
ing plasma spray, sputtering, electron beam, physical 
vapor deposition, among others. These processes 
sometimes are followed by diffusion aluminiding proc- 
esses that enhance the environmental protection of the 
system. During heat treatments and/or service opera- 
tion of the article such as in a gas turbine engine, such 
overlay coatings can diffuse into the substrate, consum- 
ing a portion of a load bearing wall such as the wall of 
a turbine blade airfoil. 

[0005] Although oxidation/corrosion degradation or 
interdiffusion loss of original coating composition that 



occurs during engine service operation varies in inten- 
sity across surfaces of a turbine airfoil with some sur- 
faces experiencing very little attack or composition loss, 
a current repair practice includes the complete removal 
s from all coated surfaces of the protective diffused coat- 
ings or overlay coatings prior to repair. Such complete 
removal results in loss of wall thickness, from removal 
of the interdiffussd region, which reduces component 
load bearing capability. Additionally, complete coating 
removal creates problems with maintenance of de- 
signed cooling air flow patterns and flow rates for air 
cooled components at points at which cooling holes, 
communicating with internal cooling passages, intersect 
the component outer surface from which the coating has 
been removed and must be replaced for component re- 
use. 

[0006] The present invention, in one form, provides a 
method for restoring an environmental resistant coating, 
having a coating total thickness within a coating design 
thickness range, on a metal substrate of an article which 
has experienced service operation, the coating having 
an outer portion and an inner portion diffused with the 
metal substrate, for example, during original coating 
manufacture and/or after subsequent service operation. 
The outer portion has at least one discrete local surface 
area including an undesirable amount of oxidation/cor- 
rosion products resulting from exposure to service op- 
eration. The method comprises selectively removing the 
oxidation/corrosion products at least from the discrete 
surface area of the outer portion while retaining any 
coating inner portion (where present) at the discrete sur- 
face area, and retaining the coating inner and outer por- 
tions on surface areas adjacent the discrete surface ar- 
ea. Then at least the discrete surface area is coated with 
a protective coating selected from a I urn in ides and alloys 
including aluminum using coating parameters selected 
to maintain the coating total thickness substantially with- 
in the coating design thickness range. 
[0007] In another form, the present invention provides 
a method for enhancing an existing environmental re- 
sistant coating on an article, the coating being of a coat- 
ing total thickness within a coating design thickness 
range. The method comprises selecting at least one dis- 
crete local surface area of the coating more subject to 
oxidation/corrosion during service operation. Then at 
least the discrete surface area is coated with a protec- 
tive coating selected from aluminides and alloys includ- 
ing aluminum using coating parameters selected to 
maintain the coating total thickness substantially within 
the coating design thickness range. 
[0008] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

[0009] Figure 1 is a perspective, diagrammatic view 
of a gas turbine engine blade from the concave side 
showing discrete, local coating surface areas of heavier 
oxidation/corrosion resulting from service operation. 
[0010] Figure 2 is photomicrographs sectional view 
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including a portion of an environmental resistant coating 
portion from which oxidation/corrosion product has 
been removed. 

[0011] Figure 3 is a photomicrographic sectional view 
as in Figure 2 showing, in addition, a pocket within a 
coating additive layer from which corrosion has been re- 
moved. 

[0012] Figure 4 is a graph showing the effect of coat- 
ing thickness on average stress rupture life of a Ni base 
superalloy single crystal material. 
[0013] Figure 5 is a diagrammatic sectional view as 
in Figure 2 showing deposition of a restoration metal at 
the position of product removal. 
[0014] Figure 6 is a diagrammatic sectional view as 
in Figure 4, including aluminiding of the outer portions. 
[001 5] Each specific design of gas turbine engine tur- 
bine blade has its own unique environmental "attack pat- 
tern" of more severe oxidation/corrosion of a protective 
coating occurring during service operation in an engine 
for which it has been designed. One such attack pattern 
of selective, discrete surface areas of undesirable oxi- 
dation/corrosion is shown in the perspective, diagram- 
matic view of Figure 1. In Figure 1, a gas turbine engine 
turbine blade for use in a high pressure turbine, shown 
from its concave side generally at 10, comprises a base 
12 and an airfoil 14 which includes thereon an environ- 
mental resistant coating, one form of which is shown in 
the photomicrographs of Figures 2 and 3. Forms of the 
environmental resistant coating include an aluminide 
coating as well as an overlay coating of an alloy includ- 
ing Al. For example, widely reported overlay coatings 
used in the gas turbine engine art are the MCrAI or 
MCrAlY type of overlay coating in which M is at least 
one element selected from Fe, Ni, and Co, and Y rep- 
resents any oxygen active element. Shown on the con- 
cave side of the blade, on which a major portion of such 
attack generally occurs to a turbine blade, are discrete 
local coating surface areas 16 and 18 which have been 
degraded during engine service operation to define an 
environmental attack pattern for that particular blade de- 
sign. 

[001 6] When attack in a discrete area exceeds spec- 
ified limits, removal of the oxidation/corrosion is required 
and reapplication of the coating must be conducted be- 
fore the article can be returned to service operation. Cur- 
rent state of the art practice includes removal of the en- 
tire surface coating, not just from the undesirably de- 
graded portions, and subsequent coating reapplication 
on all surfaces, not just the attacked areas, without con- 
trol of wall thickness in respect to design limits. Typical 
design total coating thickness limits for aircraft engine 
turbine blades are in the range of about 1 - 5 mils for 
diffusion aluminides and about 1 - 10 mils for the overlay 
coatings. As was discussed above, complete removal 
of the coating can result in detrimental wall thinning and/ 
or problems relating to cooling hole openings in the ar- 
ticle surface. Overcoating of an entire surface without 
control of coating total thickness can result in significant 



increase in such thickness beyond design limits. Not on- 
ly can such increase in coating total thickness disrupt 
airflow patterns across a blade, but also it can adversely 
affect mechanical properties of the article. 
s [0017] Numerous xisting mechanical property data 
bases show a strong correlation between coating thick- 
ness and key mechanical properties, such as stress rup- 
ture strength, high cycle fatigue resistance, etc. Sub- 
stantial decreases in mechanical properties can occur 
as coating thickness increases, especially on advanced 
nickel base superalloys where rapid interdrffusion oc- 
curs between the substrate and the coating, due to high 
refractory element content of such alloys. Additionally, 
thicker coatings are more prone to craze cracking than 
thinner coatings during thermal transients experienced 
during engine operation. Therefore, total coating thick- 
ness is selected for a particular design of article such as 
a turbine blade to be within a design thickness range not 
only for airflow considerations but also to maintain de- 
sired mechanical properties for the article during oper- 
ation. Typical of such data showing one relationship of 
coating thickness to mechanical properties and that 
properties can be reduced with increasing thickness are 
the data included in the graph of Figure 4 showing the 
effect of coating thickness on the average stress rupture 
life of a commercially used Ni base superalloy single 
crystal material. The coating was a commercially used 
Pt-AI type of coating. 

[0018] In Figure 4, "inward" and "outward" refer to the 
predominant diffusion direction during coating forma- 
tion. Inward diffusion indicates that the coating is formed 
primarily by diffusion of aluminum into the substrate sur- 
face with limited outward diffusion of nickel (i.e. low tem- 
perature combined with high aluminum activity). Out- 
ward diffusion indicates that the coating is formed by 
outward diffusion of nickel along with inward diffusion of 
aluminum (i.e. high temperature combined with lower 
aluminum activity). 

[0019] The present invention provides a method for 
the restoration or enhancement of environmental resist- 
ance to a coating on an article while maintaining article 
design limits and substantially avoiding reduction in me- 
chanical properties associated with increase in coating 
thickness. For service operated coated articles, this is 
accomplished by the selective removal from discrete, lo- 
cal surface areas of excessive oxidation/corrosion prod- 
ucts from the outer portion of a coating without removing 
the inner portion of the coating, where present. The 
coating on surface areas adjacent the selective discrete 
areas are retained during such removal of the undesir- 
able products, and an inner portion of the coating on the 
article substrate at the local, discrete areas may be re- 
tained as well. Removal of oxidation/corrosion products 
can be achieved by either mechanical or chemical 
means generally used in the art for such purposes. If the 
removal process is mechanical, masking of adjacent 
surfaces generally is required. If the removal process is 
chemical, masking of adjacent surfaces generally is not 
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required since regions without oxidation/corrosion prod- 
ucts are not affected by the chemicals ordinarily used. 
[0020] The photomicrographs of Figures 2 and 3 
show one practice of that portion of the present inven- 
tion. In Figures 2 and 3, the article substrate 20 was a 
commercially used Ni base superalloy sometimes re- 
ferred to as Rene' 125 material and on which had been 
applied a commercially available CODEP aluminide 
coating shown generally at 22. Coating 22 included an 
outer portion 24 and an inner portion 26 diffused with 
substrate 20 in a manner well known in the art. During 
gas turbine engine service operation, discrete, local ar- 
eas at 28 and 29 of the coating outer portion 24 experi- 
enced excessive oxidation/corrosion, with the area at 28 
to a greater depth than the pocket area at 29. For prac- 
tice of one form of the method of the present invention, 
such oxidation/corrosion was removed selectively from 
the discrete locations at 28 and 29 by chemical means, 
retaining the balance of the coating outer portion 24 at 
location 29, coating inner portion 26 beneath location 
28 and retaining the complete coating 22 on areas ad- 
jacent discrete locations 28 and 29. If the selective, dis- 
crete surface areas from which oxidation/corrosion is to 
be removed includes such surface features as openings 
or indentations for the discharge of cooling air, such fea- 
tures can be masked if mechanical removal means are 
used to avoid changing airflow patterns of such features. 
[0021] After the selective removal of the oxidation/ 
corrosion from locations 28 and 29, coating surface ar- 
eas adjacent locations 28 and 29 were masked and a 
restoration metal, such as Pt, Rh, and/or Pd, was de- 
posited selectively in the void at locations 28 and 29. 
The restoration metal, which in this example was Pt, was 
deposited to a thickness which, when the metal is dif- 
fused with inner coating portion 26, will be within a coat- 
ing design thickness range of the original coating. As 
was stated above, generally for gas turbine engine high 
pressure turbine blades the coating design thickness for 
overlay coatings such as the MCrA! type coating is in 
the range of about 1-10 mils and for diffusion alumi- 
nides is in the range of about 1 - 5 mils. Accordingly, 
deposited Pt thickness typically is in the range of about 
2.5-10 microns for such gas turbine engine blade ap- 
plications. As is well known and reported in the art, con- 
veniently such element as Pt can be applied by elec- 
trodeposition. However, alternatively the restoration 
metals can be applied by other methods including spray- 
ing, sputtering, etc. Resulting from the deposition of Pt 
in this example is the structure shown in the diagram- 
matic sectional view of Figure 5 in which Pt 30 was elec- 
trodeposited selectively in the discrete void at location 
28. 

[0022] After deposition of the restoration metal 30 se- 
lectively in discrete locations 28 and 29, the masking 
was removed from the outer surface and the restoration 
metal was heated to diffuse the metal into the inner por- 
tion 26. Typically for a Pt deposit, the heat treatment was 
in the range of about 900 - 1 1 50° C for a time, for exam- 
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pie 0.5 - 4 hours, sufficient to diffuse the restoration met- 
al into the underlying portion. Heat treatment at this point 
in the method, before subsequent aluminiding, elimi- 
nates the need for extended high temperature exposure 
s during the aluminide cycle which in certain known meth- 
ods is practiced to accomplish both Pt diffusion and alu- 
miniding at the same time. Also, it provides significant 
flexibility in the selection of the aluminiding process and 
parameters for ;he aluminiding of the surface substan- 
tially without increase in coating total thickness beyond 
the coating design thickness, according to the present 
invention. 

[0023] Following diffusion heat treatment of the res- 
toration metal, in this example the entire outer surface 
was aluminided, including the Pt treated selective dis- 
crete areas as well as the other adjacent surfaces of the 
article. The aluminiding used coating parameters which 
were selected to produce a Pt-AI coating portion on the 
selective discrete surface areas and an aluminum en- 
riched surface on adjacent areas, without substantial in- 
crease in thickness in such adjacent areas, and while 
maintain ing the coating total thickness within the coating 
design thickness range. One example of the resulting 
coating according to the present invention is shown in 
the diagrammatic sectional view of Figure 6, showing 
the Pt-AI coating 34 at the selective discrete area pre- 
viously identified as location 28 and the new, aluminum 
enhanced outer coating portion 32, without substantial 
increase in coating thickness, within the coating design 
thickness range. 

[0024] During evaluation of the present invention, a 
gas turbine engine air cooled high pressure turbine 
blade which had experienced engine operation service 
was inspected for oxidation/corrosion degradation on 
the airfoil surface. The blade was manufactured from a 
commercially used Ni base superalloy sometimes re- 
ferred to as Rene' 1 25 alloy and included on the airfoil 
an aluminide coating commercially available as CODEP 
aluminide coating. The coating design thickness range 
for this article was 1 - 4 mils and the coating total thick- 
ness for the turbine blade as manufactured was in the 
range of about 2 - 3 mils. The inspection disclosed dis- 
crete local surface areas of oxidation/corrosion in an at- 
tack pattern on the airfoil similar to that shown in Figure 
1 and to an extent requiring repair before the blade could 
be returned to operation service. 
[0025] The surface of the airfoil was cleaned using a 
chemical cleaning process to remove superficial surface 
contaminants and to remove the oxidation/corrosion 
products identified in the attack pattern on the airfoil out- 
er portion in the discrete, local areas. The balance of the 
coating was retained, generally as shown in Figures 2 
and 3. Retained as well was the complete coating on 
airfoil surfaces adjacent the selective, discrete surfaces. 

[0026] The coating surface areas outside of the attack 
pattern were masked with standard lectroplater's lac-, 
quer. Then the discrete, local areas from which oxidation 
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and corrosion was removed were electroplated with Pt 
to a thickness of about 2.5 microns. The masking was 
removed and the Pt thus deposited was heated in a non- 
oxidizing atmosphere at a temperature of about 1050° 
C for about 2 hours to diffuse the Pt into the underlying 
inner portion of the original coating. This resulted in a 
structure similar to that shown in Figure 5. 
[0027] After such diffusion heat treatment of the Pt de- 
posit, the entire surface of the airfoil was aluminided us- 
ing a commercial vapor phase (above the pack) type of 
aluminide coating process. The coating resulting from 
the practice of the present invention, as represented by 
this example, had a coating total thickness within the 
coating design thickness range while providing the 
blade with improved resistance to oxidation and corro- 
sion. 

[0028] As was mentioned above, another form of the 
present invention comprises practice of the above de- 
scribed method for Pt-AI coating application at selective, 
discrete local surface areas of a coated, substantially 
unused, new article, one example of which is a blade, 
to enhance its resistance to oxidation and corrosion. Ap- 
plication of the Pt-AI coating at the discrete areas is 
based on an attack pattern identified from similar articles 
which had experienced service operation in apparatus 
of the design for which the new article is intended. 
[0029] This invention provides a method for restoring 
or enhancing the environmental resistance of coatings 
exposed to service operation, such as in the gas path 
environment of gas turbine engines, with coating appli- 
cation at discrete, local areas to match actual needs for 
such environmental improvement. This is accomplished 
without complete removal of inner portions of a degrad- 
ed coating or removal of coating from adjacent coated 
surfaces. Such selective, discrete coating reduces the 
required amount of such expensive metals as Pt. At the 
same time, it provides the capability to avoid damage to 
or change in article surface characteristics, for example 
airflow characteristics at such blade features as air cool- 
ing holes or surface indentations as well as edge por- 
tions which can affect aerodynamic performance. 
[0030] The present invention has been described in 
connection with specific examples and embodiments 
which are intended to be typical of rather than in any 
way limiting on the scope of the present invention. 
Those skilled in the arts associated with this invention 
will understand that it is capable of variations and mod- 
ifications without departing from the scope of the ap- 
pended claims. For example, the oxidation/corrosion at- 
tack pattern will vary with each article design and remov- 
al of degraded surfaces can be accomplished by a va- 
riety of published processes while retaining the coating 
and coating portions as described above. Also, the ap- 
plication of restoration or enhancing metal, as well as 
the aluminiding application, can be accomplished by a 
variety of known processes, provided that the thickness 
considerations and limitations of the present method are 
fulfilled. 



Claims 

1. A method for restoring an environmental resistant 
coating (22) of a coating total thickness within a 

s coating design thickness range on a metal sub- 
strate (20) of an article (10) which has experienced 
service operation, the coating (22) having an outer 
portion (24) and an inner portion (26) diffused with 
the metal substrate (20), the outer portion (24) hav- 

10 ing at least one discrete local surface area (28,29) 
on which are an undesirable amount of oxidation/ 
corrosion products resulting from exposure to serv- 
ice operation, comprising the steps of: 

is removing the oxidation/ corrosion products at 

least from the discrete surface area (28,29) of 
the outer portion (24) while retaining any coat- 
ing (24,26) present at the discrete surface area 
(28,29) and retaining the coating inner (26) and 

20 outer (24) portions on surfaces areas adjacent 

the discrete surface area (28,29); and then, 
applying an environmental resistant coating 
(32) selected from the group consisting of alu- 
minides and alloys including aluminum to at 

25 least the discrete surface area (28,29) using 

coating parameters selected to maintain the 
coating total coating thickness substantially 
within the coating design thickness range. 

30 2. The method of claim 1 in which at least the discrete 
surface area (28,29) is coated with at least one res- 
toration metal (30) selected from the group consist- 
ing of Pt, Rh, and Pd to a thickness which when dif- 
fused with the coating inner portion (26) will be with- 

35 in the coating design thickness range. 

3. The method of claim 2 in which the restoration metal 
(30) is heated at a temperature and for a time suf- 
ficient to diffuse the restoration metal (30) into the 

40 coating inner portion (26). 

4. The method of claim 1 , 2 or 3 in which protective 
coating (32) includes the entire outer portion (24). 

45 s. The method of claim 3 in which: 

the article (10) is a gas turbine engine blade in- 
cluding an airfoil surface (14); 
the substrate (20) is a Ni base superalloy; 
50 the discrete local surface area (28,29) is on the 

airfoil surface (14); 

the coating design thickness range is about 1 - 
10 mils; 

the coating total thickness range is about 1-10 
ss mils; 

the restoration metal (30) is Pt applied to a 
thickness in the range of about 1-10 microns; 
and, 
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the restoration metal (30) is heated within the 
range of about 900 - 1150° C for about 0.5 - 4 
hours. 

6. Am thod for enhancing an existing environmental $ 
resistant coating (22) on a metal substrate (20) of 

an article (10), comprising the steps of: 

selecting at least one discrete local surface ar- 
ea (28,29) of the coating (22) more subject to 10 
undesirable oxidation/ corrosion during service 
operation, based on an oxidation/ corrosion at- 
tack pattern (16,18) identified from similar arti- 
cles (10) which had experienced service oper- 
ation in apparatus of a design for which the ar- is 
tide (10) is intended; 

masking surface areas of the coating (22) ad- 
jacent the discrete surface area (28,29), leav- 
ing the discrete surface area (28,29) exposed; 
and then, 20 
applying an environmental resistant coating 
(32) selected from the group consisting of alu- 
minides and alloys including aluminum to at 
least the discrete surface area (28,29) using 
coating parameters selected to substantially 25 
avoid significant increase in coating thickness. 

7. The method of claim 6 in which at least the discrete 
surface area (28,29) is coated with at least one en- 
hancing metal (30) selected from the group consist- so 
ing of Pt, Rh, and Pd. 

8. The method of claim 7 in which the enhancing metal 
(30) is heated at a temperature and for a time suf- 
ficient to diffuse the enhancing metal (30) into the 35 
existing coating (22). 

9. The method of claim 6, 7 or 8 in which the protective 
coating (32) includes the entire coating. 

40 

10. The method of claim 8 in which: 

the article (1 0) is a gas turbine engine blade in- 
cluding an airfoil surface (14); 
the substrate (20) is a Ni base superalloy; 45 
the discrete local surface area (28,29) is on the 
airfoil surface (14); 

the coating design thickness range is about 1 - 
10 mils; 

the enhancing metal (30) is Pt applied to a thick- so 
ness in the range of about 1-10 microns; and, 
the enhancing metal (30) is heated within the 
range of about 900 - 1150° C for about 0.5 - 4 
hours. 
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FIG. 2 




FIG. 3 
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